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(54) OPTICAL RECORDING MEDIUM 
(57)Abstract: 

PURPOSE: To make it possible to confine the recording 
information quantity of about 4 times the present 
recording information quantity to an optical recording 
medium of the same size as the present size without 
subjecting the device side to a drastic change, such as 
shortening of the wavelength of reproducing light, 
increasing of the numerical aperture NA of a focusing 
lens and changing of a signal demodulation system. 
CONSTITUTION: This optical recording medium is 
constituted by forming a saturable absorbent dyestuff- 
contg. layer 3 contg. at least a saturable absorbent 
dyestuff and arom. compd. and a recording layer and/or 
reflection layer 4 on a light transmissive substrate 1. The 
saturable absorbent dyestuff of which the molecule light 
absorption coefft. &epsi; at the wavelength of reproducing light is £104 and the relaxation time 
x is 1ns£TiSl00ns is used as the saturable absorbent dyestuff to be incorporated into the 
saturable absorbent dyestuff layer. The optical recording medium constituted in such a 
manner exhibits excellent ultra-definition. Good reproduced signals are obtd. with high 
intensity from the fine recording patterns formed with micropits of about 0.3nm/bit at a period 
shorter than the diffraction threshold X/2NA of a reproducing optical system. 
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* NOTICES * 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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3 .In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] For the saturable absorption coloring matter which the saturable absorption coloring matter 
content layer which contains saturable absorption coloring matter and an aromatic compound at least, 
and a recording layer and/or a reflecting layer are formed on the substrate of light transmission nature, 
and is contained in the above-mentioned saturable absorption pigment layer, the molar extinction 
coefficient epsilon in playback light wave length is 104. Optical recording medium characterized by 
being above and the relaxation time tau being 1 second<==tau <= 100ns. 

[Claim 2] The aromatic compound contained in a saturable absorption coloring matter content layer is 
an optical recording medium according to claim 1 characterized by a molar extinction coefficient having 
2000 or more absorption bands to a 230-300nm wavelength field. 

[Claim 3] The aromatic compound contained in a saturable absorption coloring matter content layer is 
an optical recording medium according to claim 1 characterized by having at least one sort of a phenyl 
group, a biphenyl radical, a carbazolyl radical, a naphthyl group, a pyridino radical, and a thio FENO 
radical in a principal chain or a side chain. 

[Claim 4] The optical recording medium according to claim 1 characterized by preparing the high 
refractive-index layer with a real part refractive index higher than the substrate concerned and a 
saturable absorption coloring matter content layer between a substrate and saturable absorption coloring 
matter content. 

[Claim 5] A high refractive-index layer is an optical recording medium according to claim 4 
characterized by a real part refractive index being 1.8 or more. 

[Claim 6] A high refractive-index layer is an optical recording medium according to claim 4 or 5 
characterized by being the inorganic ceramic film formed by the vacuum thin film formation approach. 
[Claim 7] The inorganic ceramic ingredient which constitutes a high refractive-index layer is ZnS and 
Si02. Optical recording medium according to claim 6 characterized by being the hybrid film. 



[Translation done.] 
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DETAILED DESCRIPTION 



Petailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the optical recording medium for super 
resolution playback which forms aperture in the diameter of a playback light spot, and performs signal 
regeneration about an optical recording medium. 
[0002] 

Pescription of the Prior Art] In recent years, in the field of information record, research on an optical 
information recording method is advanced by every place. This optical information recording method 
has many advantages, like it can respond to each memory gestalt of that record playback can be 
performed by non-contact, that single or more figures can attain high recording density compared with a 
magnetic-recording method, the mold only for playbacks and a postscript mold, and a rewritable mold, 
and the application broad from industrial use to a noncommercial use as what realizes a cheap mass file 
is considered. 

[0003] as the optical recording medium of the mold only for playbacks among above-mentioned 
memory gestalten - a digital audio disc (the so-called compact disk, CD) and an optical videodisk (the 
so-called laser disc, LD) - CD-ROM etc. has already spread widely further. 
[0004] On the transparence substrate, as a layer to which a pit changes the shape for example, of 
toothing, and an optical constant, the optical recording medium of the mold only for these playbacks is 
recorded by the pattern corresponding to an information signal, and is usually made into the structure 
where covering formation of the reflecting layer which consists of metallic materials, such as aluminum, 
on this record pattern was carried out. In such an optical recording medium, from a transparence 
substrate side, playback light, such as a laser beam, is irradiated, the existence of the pit in the playback 
spot is identified by detecting the strength of the reflected light, and informational playback is 
performed. 

[0005] By the way, in the optical recording medium of the above-mentioned mold only for playbacks, 
the further improvement in recording density is called for that the capacity which can respond to 
digitization, Hi- Vision TV (HDTV), etc. of VTR should be secured. On the other hand, from the 
convenience on actuation, with the optical recording medium, the miniaturization of size is also called 
for and improvement in recording density is desired also from such a demand. 
[0006] Here, shortening detailed-ization of the record pattern formed in an optical recording medium, 
for example, the period of a pit, as a means which raises the recording density of an optical recording 
medium is considered first. However, since there is diffraction marginal lambda/2NA (wavelength of 
lambdarplayback light, NA: numerical aperture of the objective lens of playback optical system) which 
cannot make the diameter of a spot smaller than it in playback optical system, if the period of a pit 
becomes not much short, the situation that two or more pits exist in a playback spot will occur, and un- 
arranging [ that an information signal is unreproducible ] will arise. That is, there is a cut-off space 
period of MTF (Modulation transfer function) used as the index of the resolution which becomes settled 
in playback optical system in a regenerative apparatus. 
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[0007] For this reason, the period of a pit remains as it is, the signal code is compression-ized or the 
attempt which' raises the diffraction limitation of playback light so that it can respond to the pit where a 
period is short by increase-izing of the numerical aperture NA of the objective lens of optical system or 
short wavelength-ization of playback light is made. Furthermore, recently, the approach called super 
resolution (super resolution) attracts attention as what can respond to a pit pattern with a short period. 
[0008] Super resolution makes it a principle to raise resolution by making the diameter of a spot on the 
appearance of exposure light smaller than a diffraction limitation by setting aperture (opening) smaller 
than the diffraction limitation of exposure light as an object point location. About this super resolution 
For example, "Charles W.McCutchen and "Super-resolution in Microscopy and theAbbe Resolution 
Limit." Jour-nal of Optical Society of America, 57 (10)^1190 (1967)", "Tony Wilson and Colin 
Sheppard, "Theory and Practice of Scannning Optical Micro-scopy.", Academic Press (London), It is 
indicated by the detail by 1984" etc. 

[0009] In order to actually apply such super resolution to the signal regeneration of an optical recording 
medium, it is necessary to follow migration of the playback light on an optical recording medium, and 
aperture also needs to move. 

[0010] The applicant for this patent made thermally the field where the magnetic Kerr effect of a 
magneto-optic-recording playback system shows up narrower than the diameter of a spot of playback 
light in JP,1-143041,A and JP,1-143042,A, and made the super resolution effectiveness discover as an 
example which applied super resolution to the maigneto-optic-recording medium, and the approach of 
attaining high density record is proposed. However, this method cannot be used only within a magneto- 
optic-recording system, and cannot be applied to the optical recording system which does not use the 
usual magnetic head. 

[001 1] Then, in JP,2-96926,A, using the ingredient of optical responsibility for a reflecting layer is 
proposed as a thing applicable to the usual optical recording system. That is, in the optical recording 
medium which uses an optical responsibility ingredient for a reflecting layer, since the quantity of light 
distribution to which the quantity of light becomes* large is in a playback light spot as a core when 
playback light is irradiated, the optical property of only the part which became the quantity of light more 
than a certain constant rate changes, and the aperture which follows playback light and moves into the 
playback light spot concerned is formed partially . 

[0012] Thus, if aperture is formed, even when two or more pits exist in the spot of playback light, only 
the pit which exists in aperture is detected, and other pits will be in the condition that the mask was 
carried out so to speak, and will not be detected. Therefore, signal regeneration from the detailed record 
pattern with which the pit was formed the period shorter than diffraction marginal lambda/2NA of 
playback optical system can be performed. 

[0013] However, it is indicated only as the non-linear optical material from which an optical property 
changes with playback light directly as an optical responsibility ingredient, or the phase change 
ingredient from which an optical property changes with the heat release by the light absorption of 
playback light indirectly by this official report, and is not mentioned to it about a concrete ingredient. 
For this reason, it can be said that that implementation is difficult. 

[0014] Then, the applicant for this patent proposed saturable absorption coloring matter as a concrete 
optical responsibility ingredient in the Japanese-Patent-Application-No. No. 26805 [ five to ] 
specification. When saturable absorption coloring matter will irradiate the light more than a constant rate 
and will be in an excitation state, it is a coloring matter ingredient which presents the phenomenon, i.e., 
a saturable absorption phenomenon, in which an absorption coefficient is set to 0. 
[0015] For example, in the optical recording medium with which the saturable absorption coloring 
matter content layer containing this saturable absorption coloring matter and the reflecting layer were 
formed on the substrate with which the pit was formed, since the quantity of light distribution to which 
the quantity of light becomes large is in a playback light spot like **** as a core when playback light is 
irradiated, only the part which became the quantity of light more than a certain constant rate serves as 
saturable absorption, and a saturable absorption field is generated partially. As for the field used as 
saturable absorption, compared with other fields, a high reflection factor is obtained from an absorption 
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coefficient being 0. Therefore, it functions as aperture, and even when two or more pits exist in a 
playback light' spot, only the pit which exists in this saturable absorption field will be detected. 
[0016] 

[Problem(s) to be Solved by the Invention] However, when the optical spectrum was observed about the 
above-mentioned optical recording medium, it became clear that the reflection factor in the early 
condition which is not saturable absorption is higher than the value guessed from the ingredient 
configuration. When playback light is irradiated, this is a saturable absorption field and the other field, 
means that a difference is seldom attached to a reflection factor, and reduces super resolution nature. 
[001 7] Then, this invention is proposed in view of such the conventional actual condition, is excellent in 
super resolution nature, and aims at offering the optical recording medium with which a good 
regenerative signal is acquired from the detailed record pattern with which the pit is formed the period 
shorter than diffraction marginal lambda/2NA of playback optical system. 
[0018] 

[Means for Solving the Problem] For the saturable absorption coloring matter which the saturable 
absorption coloring matter content layer to which the optical recording medium of this invention 
contains saturable absorption coloring matter and an aromatic compound at least on the substrate of light 
transmission nature, and a recording layer and/or a reflecting layer are formed in order to attain the 
above-mentioned purpose, and is contained in the above-mentioned saturable absorption pigment layer, 
the molar extinction coefficient epsilon in playback light wave length is 104. It is above and is 
characterized by the relaxation time tau being 1 second<=tau <=100ns. 

[0019] Moreover, the aromatic compound contained in a saturable absorption coloring matter content 
layer is characterized by a molar extinction coefficient having 2000 or more absorption bands to a 230- 
300nm wavelength field. Furthermore, the aromatic compound contained in a saturable absorption 
coloring matter content layer is characterized by having at least one sort of a phenyl group, a biphenyl 
radical, a carbazolyl radical, a naphthyl group, a p jridiho radical, and a thio FENO radical in a principal 
chain or a side chain. 

[0020] Moreover, it is characterized by preparing the high refractive-index layer with a real part 
refractive index higher than the substrate concerned and a saturable absorption coloring matter content 
- - layer between a substrate and saturable absorption coloring matter content. Furthermore, a high 
refractive-index layer is characterized by a real part refractive index being 1 .8 or more. 
[0021] Furthermore, a high refractive-index layer is characterized by being the inorganic ceramic film 
formed by the vacuum thin film formation approach. Furthermore, the inorganic ceramic ingredient 
which constitutes a high refractive-index layer is ZnS and Si02. It is characterized by being the hybrid 
film. 

[0022] As a result of considering the cause by which the reflection factor in the initial state of the optical 
recording medium with which this invention person etc. has a saturable absorption coloring matter 
content layer becomes higher than the value guessed from the ingredient configuration, in case a 
reflecting layer (or recording layer) is formed on a saturable absorption coloring matter content layer by 
the production process, disassembly of coloring matter has arisen, and it found out that this had induced 
the above-mentioned reflection factor rise. : : 

[0023] That is, a reflecting layer and a recording layer are formed by the vacuum thin film forming 
methods, such as sputtering and a vacuum deposition method. For example, the source of vacuum 
evaporationo is evaporated with an electron gun, and it is made to cover on a substrate in a vacuum 
deposition method. Here, in case an electron ray is irradiated from this electron gun, the ultraviolet rays 
whose wavelength is about 300nm are alsogenerated in coincidehceT 

[0024] On the other hand, since saturable absorption coloring matter has the strong broadcloth 
absorption peak to the 230-240nm wavelength field, it absorbs the ultraviolet rays secondarily generated 
with the exposure of an electron ray on the occasion of this membrane formation, and decomposes. It is 
the cause by which this raises the reflection factor of a medium. 

[0025] Although the pigmentolysis by ultraviolet rays will escape if evaporation of the source of 
vacuum evaporationo is performed using a resistance heating method, the membrane formation by the 
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resistance heating method has a problem also that it is difficult, optically [ thickening thickness ], and in 
reinforcement. 4 After carrying out film formation first thinly with a resistance heating method, although 
using an electron gun and supplementing with the thickness of an insufficient part on it is also 
considered, a process is complicated and lacks in practicality. 

[0026] So, in this invention, since a medium with a normal reflection factor is obtained even when a 
reflecting layer and a recording layer are formed by the vacuum thin film forming method for having 
used the electron gun, suppose that a saturable absorption coloring matter content layer is constituted 
from saturable absorption coloring matter and an aromatic compound. 

[0027] That is, when using as a mold only for playbacks, on the substrate of light transmission nature, as 
a layer to which a pit changes the shape for example, of toothing, or an optical constant, the optical 
recording medium of this invention is formed by the record pattern corresponding to an information 
signal, and is considered as the configuration in which the saturable absorption coloring matter content 
layer and reflecting layer which contain saturable absorption coloring matter and an aromatic compound 
at least on this substrate were prepared. 

[0028] First, for the above-mentioned saturable absorption coloring matter, the molar extinction 
coefficient epsilon in playback light wave length is 104. It is above and the relaxation time tau is 1 
second<=tau <= 100ns. 

[0029] In the saturable absorption coloring matter content layer which has such a property, the molar 
extinction coefficient epsilon in playback light wave length is 104. Since it is above, by the exposure of 
playback light, the part which became the quantity of light more than a certain constant rate in in the 
playback light spot concerned serves as saturable absorption, and a saturable absorption field is 
generated partially. Moreover, since the relaxation time tau of saturable absorption coloring matter is 
regulated by the range of 1 second<=tau <=100iis, tlie field used as saturable absorption returns to an 
early condition promptly by reduction of the quantity of light accompanying migration of playback light 
at fixed time amount within the limits. For this reason, saturable absorption is maintained in the field in 
which the quantity of light decreased, for example, it has not said that a saturable absorption field drags 
on to the backside, and only a certain fixed field in a playback light spot always serves as saturable 
absorption. 

[0030] Therefore, it is possible to perform super resolution playback for this saturable absorption field 
from the record pattern of a pit detailed as aperture.' That is, even when a high reflection factor is 
obtained from an absorption coefficient being 0 compared with other fields, two or more pits overlap in 
a playback light spot and this saturable absorption field exists, only the pit which exists in this field is 
detected. For this reason, a good regenerative signal can be acquired also from the detailed record 
pattern with which the pit was formed the period shorter than diffraction marginal lambda/2NA of 
playback optical system. 

[0031] In addition, when playback light is the wavelength light which is 750-830nm of the present 
condition, as saturable absorption coloring matter, coloring matter, such as a cyanine system, a 
phthalocyanine system, and a naphthalocyanhie ^ system, is suitable, these - for example, DTTC, HITC, 
IR-125, IR-140, and IR- it is marketed as 144 (above, trade name made from EXCITON). Among these 
coloring matter, naphthalocyanine system coloring matter has a large molar extinction coefficient, and is 
suitable from the point that moreover optical stability is high. 

[0032] On the other hand, the aromatic compound which constitutes a saturable absorption pigment 
layer with this saturable absorption coloring matter is for protecting saturable absorption coloring matter 
from the ultraviolet rays secondarily generated on the occasion of membrane formation of the reflecting 
layer of a production process etc. 

[0033] The aromatic compound usually has absorption to the 230-300nm ultraviolet-rays field. 
Therefore, even when this saturable absorption coloring matter and aromatic compound lived together 
and a reflecting layer is formed by the vacuum deposition method or the sputtering method using an 
electron gun, the amount of ultraviolet rays in which this aromatic compound absorbs the ultraviolet 
rays generated in the case of *♦**, and that part saturable absorption coloring matter absorbs them 
decreases. By this, disassembly of saturable absorption coloring matter is suppressed, and even if it 
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passes through membrane formation of a reflecting layer, the optical property of coloring matter original 
will be maintained. v-; 

[0034] Consequently, when playback light is in*adiate4 compared with the saturable absorption field 
produced in a playback light spot, in the other fields reflection factor low enough will come to be 
shown, for example, a regenerative signal with big reinforcement will be acquired also from an about 
0.3micrometers [/bit ] minute pit. 

[0035] As an aromatic compound, that to which the molar extinction coefficient has 2000 or more 
absorption bands from the purpose to the 230-300nm ultraviolet-rays field is desirable. Moreover, 
compatibility with coloring matter is good and required also for making it coexist with coloring matter 
and being able to carry out thin film formation according to the process of vacuum evaporationo or a 
spin coat. w> i : , 

[0036] As such an aromatic compound, what has at least one sort, such as a phenyl group, a biphenyl 
radical, a carbazolyl radical, a naphthyl group, a pyridino radical, and a thio FENO radical, in a principal 
chain or a side chain is mentioned. Specifically, they are polyphenyl methacrylate, Pori (4-vinyl 
biphenyl), a polyvinyl carbazole, the poly acenaphthylene, etc. 

[0037] In addition, as a reflecting layer formed on such a saturable absorption coloring matter content 
layer, it is chosen according to the specification of the regenerative apparatus to apply. For example, 
when using for the regenerative apparatus for cbnipact disks, the reflecting layer which a reflection 
factor which is used with the compact disk becomes from 70% or more of aluminum, Au, etc. is used. 
[0038] Here, in the optical recording medium of tfes s invention, since saturable absorption coloring 
matter is protected from the ultraviolet rays wWch this aromatic compound generates secondarily on the 
occasion of the vacuum deposition method and the sputtering method using an electron gun since the 
aromatic compound contains in the saturable absorption coloring matter content layer, even if a 
reflecting layer forms membranes by the forming-membranes method which used these electron guns, it 
does not interfere at all. 

[0039] Although the above is the fundamental configuration of the optical recording medium of this 
invention, you may make it prepare a high refractive^index layer with a real part refractive index higher 
than the substrate concerned and a saturable absorption coloring matter content layer in the optical 

recording medium of this invention between [ other than such a saturable absorption coloring matter 

content layer and a reflecting layer ] a substrate and a saturable absorption coloring matter content layer. 

[0040] If a high refractive-index layer is prepared between a substrate and a saturable absorption 
coloring matter content layer, Fresnel reflection will become strong and the resonator structure which 
shuts up light in a saturable absorption coloring matter content layer will be formed. Thereby, 
regenerative-signal reinforcement improves sharply/ 

[0041] Here, the real part refractive index of the substrate of light transmission nature or a saturable 
absorption coloring matter content layer coming id hand is usually 1.5 to about 1.7. Therefore, as the 
above-mentioned quantity refractive-index layer, the ihgredient film on which the real part refractive 
index formed 1 .8 or more inorganic materials, a semiconductor material, etc. by the vacuum thin film 
forming method is used. The effectiveness which strengthens Fresnel reflection has a real part refractive 
index as remarkable as what is greatly different from the value of a substrate or a saturable absorption 
coloring matter content layer. 

[0042] As a vacuum thin film forming method which forms a high refractive-index layer, a vacuum 
deposition method, a spatter, CVD (chemical vapor deposition), etc. are mentioned. When it has the 
resist film which the substrate consists of polymers or was formed by glass 2P law, the good film can be 
comparatively formed at low temperature, and since a membrane formation rate is also comparatively 
high-speed, a spatter is advantageous. 

[0043] Here, as for the thickness of a high refractive-index layer, it is desirable to make wavelength of 
playback light into the thickness expressed with lambda/4n in it when the real part refractive index of 
lambda and the high refractive-index layer concerned is set to n. If a high refractive-index layer is 
formed by this thickness, the phase contrast of ^ reflected light in the interface of a high refractive- 
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index layer and a substrate and the reflected light in the interface of a high refractive-index layer and a 
saturable absorption coloring matter content layer will become 180 degrees, and it will come to fulfill 
the so-called nonreflective conditions. Thereby, the Fresnel reflection in a saturable absorption coloring 
matter content layer serves as max, and can enlarge reinforcement of a regenerative signal. However, 
even if thickness has shifted from lambda/4n about 10%, there is especially no problem, and sufficient 
effectiveness is acquired. 

[0044] Although there will be especially no limit as an ingredient of a high refractive-index layer if a 
real part refractive index fulfills the above-mentioned conditions like ***♦, the inorganic ceramic is 
excellent and suitable for thermal resistance and membrane formation nature. Especially, it is ZnS and 
Si02. If a pit forms the hybrid film in the optical disk of the type formed as the shape of toothing as a 
high refractive-index layer, 40dB or more and a comparatively big playback output will come to be 
obtained certainly. 

[0045] Furthermore, it is desirable to choose what has an extinction coefficient comparatively small 
among those whose real part refractive indexes are 1 .8 or more as a high refractive-index layer. This is 
the purpose which makes the irradiated light absorb in a saturable absorption coloring matter content 
layer efficiently. 

[0046] In addition, instead of such a high refmctive-index layer, with this, even when a low refractive- 
index layer with a real part refractive index conversely lower than a substrate and a saturable absorption 
coloring matter content layer is prepared, the resonator structure which shuts up light in a saturable 
absorption coloring matter content layer similarly can be formed. 

[0047] However, with the ingredient which can be used as a low refractive-index layer, about [ of a 
fluorine system polymer ] 1 .3 are the minimum of a real part refractive index, for example, the real part 
refractive index of most low refractive-index ingredients which can generally be used is about 1.4 like 
magnesium fluoride. For this reason, it is actually difficult to obtain the low refractive-index layer from 
which a real part refractive index differs greatly father thah a substrate and a saturable absorption 
coloring matter content layer, i.e., the high low refractive-index layer of the effectiveness which 
strengthens Fresnel reflection. There are various ingredients to the refractive-index maximum 4 
including an inorganic material, a semiconductor material, etc. among the ingredients which can be used 
as a high refractive-index layer rTherefore, it-can say that it-is [ convenience ] higher to prepare a high 
refractive-index layer rather than it prepares a low refractive-index layer. 

[0048] In addition, although the optical recording medium explained even here applies a saturable 
absorption coloring matter content layer to the optical recording medium of the mold only for playbacks 
which performs only signal regeneration from the record pattern formed on the substrate, you may make 
it apply a saturable absorption coloring matter content layer to the optical recording medium of a 
postscript mold, and the optical recording medium of a rewritable mold. In the case of a postscript mold 
and a rewritable mold, a saturable absorption coloring matter content layer is formed on a substrate, and 
the recording layer in which a postscript or rewriting of an information signal is possible is further 
formed on it. Also in this case, since the aromatic compound contains in the above-mentioned saturable 
absorption coloring matter content layer, even when a recording layer is formed by the vacuum thin film 
forming method using an electron gun, the original bptical property of a saturable absorption coloring 
matter content layer is maintained. Therefore, good super resolution nature is demonstrated and the 
writing of the detailed record pattern of a pit and read-out are possible. 

[0049] /"^^ 

[Function] For the optical recording medium of this invention, the molar extinction coefficient [ in / as 
the above-mentioned saturable absorption coloring matter / it considers as the configuration in which the 
saturable absorption coloring matter content layer which contains saturable absorption coloring matter 
and an aromatic compound at least, and a recording layer and/or a reflecting layer were prepared on the 
substrate of light transmission nature, and / playback light wave length ] epsilon is 104. It comes to use 
that whose relaxation time tau it is above and is 1 secorid<=tau <=1 00ns. 

[0050] For a saturable absorption coloring matter content layer, with the optical recording medium of 
such a configuration, a molar extinction coefficient epsilon is 104. Since it is above, if playback light is 
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irradiated, the part which became the quantity of light more than a certain constant rate in in a playback 
light spot will serve as saturable absorption, and a saturable absorption field will be generated partially. 
[0051] Moreover, since the relaxation time tau of saturable absorption coloring matter is regulated by 
the range of 1 second<=tau <=100ns, the field used as saturable absorption returns to an early condition 
promptly by reduction of the quantity of light accompanying migration of playback light at fixed time 
amount within the limits. For this reason, saturable absorption is maintained in the field in which the 
quantity of light decreased, it has not said that a saturable absorption field drags on to the backside, and 
only a certain fixed field in a playback light spot always serves as saturable absorption. 
[0052] Therefore, super resolution playback is made from the record pattern of a pit detailed as aperture 
in this saturable absorption field. That is, even when a high reflection factor is obtained from an 
absorption coefficient being 0 compared with other fields, two or more pits overlap in a playback light 
spot and this saturable absorption field exists, only the pit which exists in this field is detected. For this 
reason, good signal regeneration is made also from the record pattern with which the pit was formed the 
period shorter than diffraction marginal lambda/2NA of playback optical system. 
[0053] Moreover, in the above-mentioned saturable absorption coloring matter content layer, the 
aromatic compound contains with saturable absorption coloring matter. 

[0054] The aromatic compound usually has absorption to the 230-300nm ultraviolet-rays field. For this 
reason, even when a reflecting layer and a recording layer are formed by the vacuum deposition method 
and the sputtering method using an electron gun, ^e amount of ultraviolet rays in which this aromatic 
compound absorbs the ultraviolet rays generated secondarily, and that part saturable absorption coloring 
matter absorbs them in that case decreases. Therefore, disassembly of saturable absorption coloring 
matter is suppressed, and even if it passes through the membrane formation process of a reflecting layer 
and a recording layer, the optical property of coloring matter original is maintained. Consequently, when 
playback light is irradiated, compared with the saturable absorption field produced in a playback light 
spot, in the other field, a reflection factor low enough comes to be shown, for example, a regenerative 
signal with big reinforcement is acquired also from an about 0.3micrometers [/bit ] minute pit. 
[0055] In addition, in the above-mentioned optical recording medium, if a high refractive-index layer 
with a real part refractive index still higher than the substrate concerned and a saturable absorption 

coloring matter content layer is prepared between a substrate and a saturable absorption coloring matter 

content layer, Fresnel reflection will become strong and the resonator structure which shuts up light in a 
saturable absorption coloring matter content layer will be formed. Thereby, regenerative-signal 
reinforcement improves sharply. 

[0056] As an ingredient of a high refractive-index layer, it is suitable from an inorganic ceramic being 
excellent in thermal resistance and membrane formation nature. Especially, it is ZnS and Si02. If the 
hybrid film is formed as a high refractive-index layer^ 40dB or more and a comparatively big playback 
output will be gained. ^ : ; 

[0057] 

[Example] Hereafter, the suitable example of tWs inVenHpri is explained based on an experimental result. 

[0058] The configuration of the optical recording medium created by example 1 this example is shown 
in drawing 1 . As for this optical recording medium, it comes to carry out the laminating of the high 
refractive-index layer 2, the saturable absorption coloring matter content layer 3, and the reflecting layer 
4 one by one on the substrate 1 with which the pit 5 was formed as the shape of toothing. In this 
example, it is the following, and the optical recording medium of such a configuration was made and 
created. 

[0059] First, the pit 5 was formed by the shape of tbothing on the glass substrate 1 by glass 2P 
(photopolymer) law. In addition, the pit 5 was formed by the record pattern with 0.3 micrometers [ of pit 
length ], and a pit period of 0.6 micrometers. Setting this record pattern to super resolution playback, pit 
length and a pit period are shorter than the usual case. 

[0060] Subsequently, on the field (signal recording stir face) of the side in which the pit of this substrate 
1 was formed, covering formation of the ZnS was carried out with the vacuum deposition which used 
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the resistance heating method, and the high refractive-index layer 2 was formed. 

[0061] In addition, the tablet of 99.99% of purity was used as ZnS which serves as a source of vacuum 

evaporationo here. 

[0062] Moreover, the thickness of the high refractive-index layer 2 was set as about 1 lOnm. This 
thickness is a value expressed with lambda/4n in the thickness to which the effectiveness of a high 
refractive-index layer becomes the highest, i.e., playback light wave length, when ****** of lambda and 
the high refractive-index layer concerned is set to n. ZnS and Si02 The wavelength of the playback light 
for which a real part refractive index uses the becoming high refractive-index layer 2 by 1 .8 and this 
example is 780nm, and, in the case of such conditions, it is set to lambda/4n=780/(4xl.8) =108.33. The 
above-mentioned thickness was set up based on this^yalue. 

[0063] Thus, the transparency spectrum was observed after forming the high refractive-index layer 2. 
Consequently, decline in the permeability centering on the wavelength of 800nm was accepted. It is 
judged from this that the high refractive-index layer, 2 is mostly formed by lambda/4n thickness. 
[0064] Next, on this high refractive-index layer, the spin coater (Mikasa, Inc make) was used and the 
saturable absorption coloring matter content layer 3 of about 150nm of thickness was formed. 
[0065] the screw (tree n-hexyl siloxy) silicon naphthalocyanine (SINC) from which the solution for spin 
coats serves as saturable absorption coloring matter, and the polyphenyl methacrylate (PPhMA) used as 
a matrix material - SINC:PPhMA==l :5 (weight ratio) « it comes to dissolve in a cyclohexanone by the 
presentation ratio. In addition, PPhMA is ah aromatic compound with which a molar extinction 
coefficient has 2000 or more absorption bands in 230-300nm wavelength range. The structure 
expression of SINC and PPhMA is shown in ** 1 and ** 2, and a permeability spectrum is shown in 
drawing 2 and drawing 3 , respectively. Moreover, [0066] 
[Formula 1] 




R=CeH, 3 

[0067] 
[Formula 2] 
-E- CH2CCCH3) 

CO 




[0068] Supplied only 750mg only of PPhMA(s) to cyclohexanone 24g first, it was made to dissolve with 
churning heating, and preparation of this solution for spin coats added 150mg of SINC(s) in this solution 
after that, and was performed by making it dissolve with ultrasonic distribution and heating. Thus, if a 
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cyclohexanone is used for a solvent, good spreading nature is obtained and the spin coat film of the 
homogeneity of thickness can be formed. 

[0069] Moreover, the spin coat was performed by maximum engine speed 2000 - 2400rpm, and 
volatilization removal of the solvent behind a spin coat was performed by holding by the vacua for 2 
hours under the temperature of 80 degrees C. 

[0070] And with the vacuum deposition method which used the electron gun on the saturable absorption 
coloring matter content layer 3 formed in the last by doing in this way, the aluminum reflecting layer 4 
was formed and the optical recording medium was created. 

[0071] Vacuum deposition was performed using the vacuum evaporation system made from Japanese ** 
Anelva on the general conditions of a 3x10 to 4 Pa degree of vacuum, and vacuum evaporationo rate 0.4 
nm/s extent. The thickness of the formed aluminum reflecting layer 4 is lOOnm. This is measured by the 
crystal-oscillator thickness gage. 

[0072] On the occasion of formation of the example of Comparison 1 saturable-absorption coloring 
matter content layer 3, the optical recording medium was created like the example 1 except having 
added polymethylmethacrylate (PMMA) in the solution for spin coats instead of polyphenyl 
methacrylate. The structure expression of polymethylmethacrylate is shown in ** 3, and a permeability 
spectrum is shown in drawing 4 . 
[0073] 
[Formula 3] 
" CH2CCCH3) 

I 

CO 



CHa 

[0074] On the occasion of formation of the example of comparison 2 saturable-absorption coloring 
matter content layer 3, the optical recording medium was created like the example 1 except having 
added poly cyclohexyl methacrylate (PCMA) in the solution for spin coats instead of polyphenyl 
methacrylate. The structure expression of poly cyclohexyl methacrylate is shown in ** 4. 
[0075] ! v 

[Formula 4] ; ; 

-E- CH2CCCH3) 




[0076] The reflectance spectrum was observed about the optical recording medium created as mentioned 
above in the example 1 and the example 1 of a comparison, and the example 2 of a comparison. The 
reflectance spectrum of the optical recording medium of an example 1 is shown in drawing 5 , and the 
reflectance spectrum of the optical recording medium of the example 1 of a comparison and the example 
2 of a comparison is shown in drawing 6 and drawing 7 , respectively. 

[0077] First, drawing 5 is the reflectance spectrum of the optical recording medium of an example 1 
using the polyphenyl methacrylate which is an aromatic compound as a matrix material of a saturable 
absorption coloring matter content layer. It turns out that the reflection factor of nearly 780nm will be a 
low value if this is seen, and the original optical property of saturable absorption coloring matter is 
maintained. 
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[0078] On the other hand, drawing 6 and drawing 7 are the reflectance spectrums of the optical 
recordihg medium of the example 1 of a comparison, and the example 2 of a comparison which added 
the organic compound which is not aromatic series as a matrix material. If this is seen, it is a value 
higher than the case where the reflection factor of nearly 780nm is the optical recording medium of an 
example L Thus, the reflection factor is high because saturable absorption coloring matter decomposed 
among the production process by the ultraviolet rays generated especially on the occasion of membrane 
formation of aluminum reflecting layer. 

[0079] This shows that it is effective to make a saturable absorption coloring matter content layer 
contain an aromatic compound, when suppressing disassembly of saturable absorption coloring matter 
and maintaining the reflection factor of a medium to an original low value. 

[0080] Next, signal regeneration was performed about the optical recording medium actually created in 
the example 1 and the example 1 of a comparison, and the example 2 of a comparison, and reproducing 
characteristics were investigated. 

[0081] The configuration of the optical system of the regenerative apparatus used for measurement of 
reproducing characteristics is shown in drawing 8 . That is, the optical system of this regenerative 
apparatus counters the substrate side of an optical recording medium 10, an objective lens 1 1 is 
arranged, and it comes to prepare the quarter- wave length plate 12, a polarization beam splitter 13, and 
the light source 14 in this order from this objective lens side. 

[0082] In this optical system, laser beam L by which outgoing radiation was carried out from the light 
source 14 passes a beam splitter 13, the quarter- wave length plate 12, and an objective lens 11, and is 
irradiated by the record pit of an optical recording medium 10. And a beam splitter 13 is reached 
through an objective lens 1 1 and the quarter-wave length plate 12, it is reflected here, and the reflected 
light R from an optical recording medium 10 is detected by photo detectors (not shown), such as a 
photodiode. 

[0083] The equipment conditions used by this example are shown below. 

light source: — semiconductor laser exposure with a wavelength of 779nm power: « numerical-aperture 
[ of l-10mW objective lens ] (NA): -- 0.53 [0084] Gut-off space period lambda/2NA of the optical 
system in this condition is 0.74 micrometers, andi is large compared with the pit length of 0.3 
micrometers of the record pattern currently formed in the optical recording medium, and the pit period 
of 0.6 micrometers. Therefore, the record pattern of an optical recording medium can be read if a super 
resolution phenomenon is not discovered. 

[0085] On the above equipment conditions, various change of playback light power and the linear 
velocity was carried out, and signal regeneration with a frequency of 6MHz was performed. 
[0086] Consequently, probably, with the optical recording medium of the example 1 of a comparison, 
and the example 2 of a comparison, in the case of playback light power 2.5mW, the 20dB C/N ratio was 
obtained, but even if it raised playback light power more than this, the C/N ratio was not set to 20dB or 
more. Moreover, in the case of linear velocity 9 ni/s and playback power 4mW, although the 18dB C/N 
ratio was obtained, even if it raised playback light power more than this too, the C/N ratio did not 
improve more than this. 

[0087] On the other hand, in the case of linear-velocity 3.6 m/s and playback light power 4.8mW, in the 
case of which [ linear-velocity 5.4 m/s and playback light power 6mW ], in the optical recording 
medium of an example 1, the C/N ratio 40dB or more was obtained. 

[0088] In the optical recording medium of an example 1 with which coloring matter was maintaining the 
original optical property, super resolution nature was discovered on the occasion of playback, and this 
showed that the signal regeneration from the detailed record pattern with which the pit was formed the 
period shorter than diffraction marginal lambda/2NA of playback optical system was possible. 
[0089] In addition, when any optical recording medium was the range whose playback power is 1- 
lOmW, in the playback which carries out on these conditions, 1000 times or more of repeatability was 
checked by the C/N ratio. From this, the ingredient system and film configuration of this optical 
recording medium are understood are very extremely stable to playback actuation. 
[0090] Moreover, as an aromatic compound whichra saturable absorption coloring matter content layer 
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makes contain, as a result of using Pori (4-vinyl biphenyl), a polyvinyl carbazole, and the poly 
acenaphthylerife, it is checked that good super resolution playback can be performed like the optical 
recording disk of an example 1 using polyphenyl methacrylate. 
[0091] 

[Effect of the Invention] So that clearly also frortfthe above explanation the optical recording medium of 
this invention The saturable absorption coloring matter content layer which contains saturable 
absorption coloring matter and an aromatic compound at least on the substrate of light transmission 
nature, The molar extinction coefficient epsilon in playback light wave length is 104 as saturable 
absorption coloring matter which a reflecting layer is formed and constituted and is contained in the 
above-mentioned saturable absorption pigment layer. Since that whose relaxation time tau it is above 
and is 1 second<=tau <=100ns is used It excels in super resolution nature and a good regenerative signal 
can be acquired from the detailed record pattern with which the about 0.3micrometers [/bit ] minute pit 
was formed the period shorter than diffraction marginal lambda/2NA of playback optical system by 
strong reinforcement. 7/ 

[0092] Therefore, according to this invention it becomes possible to store the about 4 present times 
amount of recording information in the optical recording medium of present and the same size, for 
example, without performing large modification of short-wavelength-izing of playback light, increase- 
izing of the numerical aperture NA of a focal lens, modification of a signal recovery method, etc. to an 
equipment side. 

[0093] Moreover, if these high density record-ized techniques are given to an equipment side, the 
recording density to an optical recording medium can be raised several 10 present times. 
[0094] It also becomes possible to constitute the result, for example, a digital videodisc, and the 
videodisk for Hi-Vision from CD size, and it can be referred to as industrial very useful. 



[Translation done.] 
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